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1 
. This invention relates in general fo devices and 
systems for starting an engine and for generat- 
ing electrical energy ïrom the power of the engine 
during ifs operation. 
One of the primait objects of the invention is 
fo provide a simple, practical and efficient gear 
drive unit capable of functioning as a reduction 
gear drive from an electric motor fo an engine 
to start the latter, and upon starting of the en- 
gine fo function as a direct non-reduction drive 
from the engine fo the electric motor when the 
latter acts as a generato. 
Another object is fo provide a gear drive of 
this character in which the gears are ai all tirnes 
in full mesh so as to eliminate any possibility of 
stripping or otherwise damaging the gears when 
the unit is shifted from its positions of direct and 
of reduction drives. 
A furthev object is fo construct such a drive 
that employs a simple internal gear splined fo 
the output shaft, a pinion in driving engagement 
with the input shaft of the motor, gears in driv- 
ing engagement with the internal gear, and idler 
gears in driving engagement with the pinion gear 
and those in driving engagement with the internal 
gear, all as a simple unit necessitating no infernal 
modification fo constitute an automatic shifting 
unit that bodily moves between direct and re- 
duction dives. 
A further object is fo provide the simplest and 
most effective means for transforming such a gear 
unit into a unit that automatically shifts between 
direct and reduction drives in response fo ap- 
plied torque. 
A further object is to provide such automatic 
shifting means so as to merely comprise a helicl 
spline drive between the motor shaft and the pin- 
ion and releasable locking means between the 
carrier and the internal geai" for direct drive fo 
the motor, as a generator, and releasable locking 
means, effective only when the 0ther locking 
means is released, for effecting a reduction drive 
from the motor, as a starter, the helical spline 
drive, in automatic response to torque reaction, 
and in con]unction with the two opposite alter- 
nate locking means, constituting the shifting 
means for the gear unit between ifs positions of 
direct and reduction drives. 
With the foregoing and other objects in view, 
the invention resides in the combination of parts 
and in the details of construction hereilfter set 
forth in the following specification and appended 
claims, certain embodiments thereof being illus- 
trated in the accompanying drawings, in which: 
Pigure 1 is a, view in section taken along line 
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I--I of Figure 3 and a view in side elevation, 
partly broken awaY of one end portion of an 
electric machine, such as a generator, there a2so 
being shown, partly in section and partly in side 
5 elevation, the motor shaft, the output shaft, the 
gear drive, gear tain, its carrier, the pinion and 
its helical spline drive connection with the motor 
shaft, the carrier being shown locked fo the out- 
put shaft carried internal gear for direct drive 
10 ofthe motor as a generator. 
Figure 2 is a view similav to Figure 1, showing 
the gear drive carrier shifted out of locked en- 
gagement with the internal gear and into locked 
engagement with the housing for reduction drive 
15 of the output shaft for engine starting purposes. 
Figure 3 is a cross sectioll view showing the 
pinion and the internal gear and the gea train 
therebetween. 
Referring more particularly to the drawings, 
20 one end of an electrical machine, or motor, suEh 
as a generator, is shown at , fo which is secured 
a housing 2 by a series of screw bolts 3, which 
latter also secure the outer circular flange of an 
internal wall 4 fo housings  and 2. 
25 The motor shaft § is supported by bearings $ 
in the internal housing wall 4 and bas an end 
portion helically splined at 7. A matching inter- 
nal spline is broached into the pinion 8 of the 
gear train. On pinion 8 two radial thrust bear- 
3o ings 9 are mounted to support the gear carrier 
To the housing wall  is secured, by means of 
a screw bolt  I', a bracket   for longitudinallY 
slidably supporting a clash clutch assembly in- 
35 cluding a collar 12 carrying clutch teeth 13, the 
collar being backed up by a clutch including fric- 
tion discs I and a compression cofl spring I§. 
Interposed between pinion Ii and a collar  I, car- 
ried by shaft , is a compression coil spring I$ 
40 that normally forces the pinion and carrier to the 
leït to maintain teeth 29 carried by the carrier 
out of engagement with the complementary teeth 
13 of the clash clutch assembly. The output quill 
shaft 17 bas ifs output end splined ai I for suit- 
45 able connection to the engine or turbine, not 
shown. Shaft 17 also has external splines 19 fo 
mate with internal splines of an internal gear 
20 which is rotatably supported by bearings 1 
in housing 2. A friction clutch assembly 22 com- 
50 prises a series of friction discs alternately splined 
to the carrier  0 and to internal gear 20. 
The carrier I  is ruade up of two parallel sp,aced 
members held together by screw bolts 30, for car- 
1Ting the gear train therebetween and for sup- 
55 porting, them in bearings 3 I. As showrf in Figure 
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3, the gear train, in addition to pinion 8, Lucludes 
idler gears 23, 24 and 25, which are at all times 
in mesh vith pinion 8 and also in mesh with 
gears 26, 28 and 27, respectively, and gears 26, 
28 and 27 are at all times in mesh with internal 
gear 20. 
The unit.is stiown in normal, atrest position 
in Figure- 1, with. the clash clutch J3, 29 disen- 
gaged and the carrier ! 0 ]ocked by friction clutch 
22 to the internal gear 2. By any suitab]e means, 
the motor or generator may be energized.for 
gine starting purposes to rotate its shaft :; in 
cludLug its splLued portion 7: When this torque 

shaft, upon eneriization of said motor, being 
adapted to linearly move said pinion in the op- 
posite direction fo engage said second clutch and 
establish a reduction gear drive from said motor 
shaft through said gear drive uni to said out- 
put shaft for englue startLug purposes. 
.: In combination in an electric mot0z starter 
generator, a, stationary, housLug, a motor shaft, 
an output shaft adapted for connection to an 
englue, or the like, an internally toothed gear 
splLued.to said output shaft, a pinion helically 
splLued to said motor shaft for simnitaneous ro- 
tation and linear movement in either direction on 

is applied by the motor, actLug s a-starter; 
pinion 8 and the carrier {} are pulled: by 
helical splLue 1Lueariy fo the right toward the 
starter from the position of Figure. 1 to the po-. 
sition of Figure 2, agaLust the action of sprLug 
6, fo engage the clash clutch 3, 29 backedup. 
by the friction clutch 2, 4 and sprLug . When 
thusi engaged, this clash, clutch assembly.locks 
the carrier" with the stationary housing: This 
causes-the unit and-its gear train fo become effec- 
tiVe: as . means foi" reducLug, the speed of the 
output shaft ! 7, andfor LuereasLug.the torque for 
engine: startLug purposes. 
When, the' englue, is. started, or the turbine 
startst0 operate this torque applîed to shaft ! 
takes over and forces.the pinion and carrier, due 
to the he]ical sp]ine, to:move.te theleft, with:the 
aid of. spring 5.toward;the englue end of the 
unit,.as shown in Figure 2. Bêsides unlockLug, the 
carrier from thehousing, this longitudLual.shift 
of:tlle unit; including the pinion and carrier, locks 
the..carrier fo the internal gear. Thus, the en- 
tire- unit is- locked to:act as a coup]ing and di'ive 
tl'generator 'directly. SprLUg  is placed be 
tween the carrier and the friction clutch 
toactïas a torque limiting device when the-.unit 
is=to.operate.as a-starter drive. The purpose of 40 
sprLug: !  is-'to normally force the gear drive unit 
Lut0-1ocked: position to act-as a direct drive for 
the motor as a generator. 
Thus, if will be seen that there bas been pro- 
vided, a  simple, effective, self-contaLued starter 45 
generator g.ear drive; whicll as a compact unit, 
is"bodilyshiftedautomaticallF in response to ap-. 
plied: torques by simple-automatically operating 
means, to.permit the-starter fo drive at high 
speed, on. the output end, allowing maximum 
torque to start the englue, or turbine, in motion: 50 
After. the englue, or turbine, is in operation,, the 
gearing-unit becomes Lueffective and is .driven at 
shaft, seed to. obtain the correct drivLug speed 
whenthe: unit is to act as a generator-drive. 
I claire:. 55 
1. In,combination in an electric motor starter' 
generatr, a stationary housing, a motor shaft, 
outputshaftadapted.for connection to an englue, 
or: tle like'; an internally toothed gearsplLued to 
sld otput shaft; a pLuion helically splLued, fo 
said: motorshaft for simultaneous rotion and 
lirear movement in either direction :on saidmotor 
sldat,.a gear drive unit supported by saidpinion 
and compxisLug a gear carrier for carryLug a 
redUctiogear train between said pinion and said 
internal.gear, a clutch between said carrier and 
said internal gear, for holding said pinion and 
said carrier into-Iocked engagement with said LU- 
ternal gear for adapting said gear drive unit to 70 
act as a direct: non-reduction drive from the 
engine: operated .output-shaft-to saidmotor shaft 
for-generating-:electrical energy in said motor, a 
second.clutch ha/Lug complementary parts car 
re=bysaid-:crrier, and said housing; said:motor. 75 

the. said motor stiaft, $ self-contaLued gear drive unit 
file 15 supported y said pLuion and comprisLug a gear 
carrier for carrying a reduction gear train be- 
tweensaid pLuionand said internal gear, a disc 
clutch between said carrier and said interna] 
gear for ho]dLug said pinion and said carrier into 
20 locked engagement with said internal gear for 
adapting said gear drive" unitto act' as a direct 
nonreduction drive from the' engine- operated 
output- shaft to said motor shaft . for generatLug 
electrical energy in said motor, a: second: c]utcl], 
2.5 havLug complementary parts carried by said caT- 
fier and,said housLug, said motor shaft,«upon:en« 
ergization of said motor, being adapted to.lLuear-. 
ly more said pinion-Lu the opposite direction fo. 
engage said-second clutch and establish a 
:o duction gear drive from said motor shaft.through- 
said gear drive unit fo said output shaft for 
englue starting purposes. 
3. In combLuation,in an electric motor starter 
generator, a stationary housing, a motor., shaft; 
35 an output shaft adapted.for, connection to an,en- 
glue, or the like, an interna.lly toothed gear 
sp]ined fo said output shaft,, a pLuion, helically 
splLued to said motor shaft for simultaeous 
ration and. 1Luear movement in either direction 
on sa-id, moor shaft, a . self-contaLued, gear drive  
unit. supported by said pLuion and comprising. 
gear carrier for carryLug a reduction geartrain 
between said. pLuion ad said Luerna-1 gear, the" 
gears of said gear train being in constant mesh- 
with each other and said pinion and infernal. 
gear, a disc clutch between,said carrier and said- 
infernal gear for holding, said. pLuion. nd. said 
carrier into locked engagementwith said internal 
gear for adaptLug said gear drive unit to acta .a i 
direct nonreduction, drive from the englue op- 
erated output, shaft . to-said motor shaft for gen- 
eratLug electrical.energy in saidmotor, a second 
clutch Lucluding complementary clutch members. 
carried by said housLug and said carrier said.. 
motor shaft; upon energization of. said motor, 
being: adapted fo 1Luearly move.said pinion in the 
opPosite ' direction fo engage said second clutch 
and establish a reduction gear drive from said. 
motor shaft through said gear drive uni fo said: 
output shaft-or englue starting purposes. 
4 In combLuation in-an electric notor starter - 
generator, a stationary housLug, a motor shaft, n 
output shaft adapted for connection to an_ en- 
gLue, or the like, an internally toothed gear" 
splLued to said output shaft, a pLuion" helîcally' 
splLued tosaid.motorshaft for"smultaneous 'ro 
ration and 1Luearmovementïn-either directionon. 
said motor shaft, a self-contaLued-gear-drIve, unit ' 
supported by said pinion and comprising a, gear 
carrier for carrying a reduction gear train bec 
tween- said pinion and said interal gear,, ttle 
gears of said gear train biLug irr constant mesh. 
with iach othir and said pinion and-internal 
gear, a friction disc clutch betweemsaid carrier 
ansaid.Luternal gear, sp2ng.means .f0r-normally 
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urging said pinion linearly on said pinion and 
said carrier into locked engagement with said in- 
ternal gear through said friction clutch for 
adap.ting said gear drive unit to act as a direct 
nonreduction drive from the engine operated 5 
output shaït to said motor shaft for generating 
electrical energy in said nïotor, a second c!utch 
including complementary clutch members carïied 
by said carrier and said housing, said motor shaft, 
upon energization of said motor, being adapted fO 
to linearly move said pinion in the opposite di- 
rection to engage said sicond clutch and estab- 
lish a reduction gear drive from said rnotor slaft 
through said gear drive unit fo said output shaît 
for engine starting purposes. [5 
5. In combination in an electric motor starter 
generator, a stationary housing, a motor shaft, 
an output shaft adapted for connection fo an 
engine, or the like, an internally toothed gear 
splined to said output shaft, a pinion helically 20 
splined fo said motor shaft for simultaneous rota- 
tion and linear movement in either direction on 
said motor shaft, a selî-contained gear drive unit 
suppoïted by said pinion and comprising a gear 
carrier for carrying a reduction gear train be- 25 
tween said pinion and said internal gear, the 
gears of said gear train being in constant mesh 
with each other and said pinion and infernal 
gear, a friction disc clutch between said carrier 
and said internal gear for holding said pinion 30 
and said carrier into locked engagement with said 
internal gear for. adapting said gear drive unit 
to act as a direct non-reduction drive from the 
engine operated output shaft to. said motor shaft 
for generating electrical energy in said motor, 35 
a clash clutch including a toothed ring rigidly 
secm'ed fo said carrier and a complementary 
toothed ring carried in said housing for longitu- 
dinal movement against a spring actuated fric- 
tion disc torque release device, said motor shaft, 40 
upon energization of said motor, being adapted 
to linearly move said pinion in the opposite direc- 
tion fo engage said clash clutch and establish a 
reduction gear drive from said motor shaft 
through said gear drive unit to said output shaft 45 
for engine starting purposes. 
6. In combination in an electric motor starter 
generator, a stationary housing, a motor shaft, 
an output shaft adapted for connection fo an en- 
gine, or the like, an internally toothed gear 50 
splined to said output shaft, a pinion helically 
splined to said motor shaft for simultaneous rota- 
tion and linear movement in either direction on 
said motor shaft, a self-contained gear dxive unit 
supported by said pinion and comprising a gear 55 
carrier for carrying a reduction gear train be- 

tween said pinion and said internal gear, a fric- 
tion disc clutch between said carrier and said 
infernal gear, spring means for normaily urging 
said pinion linearly on said pinion and said car- 
rier into locked engagement with said infernal 
geaï through said friction clutch for adapting 
said gear drive unit to act as a direct non-ïeduc- 
tion drive from the engine operated output shaft 
fo said motor shaft for generating electrical en- 
ergY in said motor, a clash clutch including a 
toothed ring rigidly secured fo said carrier and 
a complementary toothed ring carried in said 
houstug for longitudinal movement against a 
spring actuated friction disc torque release 
vice, said motoï shaft, upon energization of said 
motor, being adapted to linearly more said pinion 
in the opposite direction fo engage said clash 
clutch and establish a reduction gear drive from 
said motor shaft through said gear drive unit fo 
said output shaft for engine starting purposes. 
7. In cornbination in an electric motor starter 
generator, a stationary housing, a motor shaft, 
an output shaft adapted for connection fo an 
engine, or the like, an internally toothed gear 
splined to said output shaft, a pinion helically 
splined to said motor shaft for simultaneous rota- 
tion and linear movement in either direction on 
said motor shaft, a self-contained gear d_rive unit 
supported by said pinion and comprising a gear 
carrier for carrying a reduction gear train be- 
tween said pinion and said infernal gear, the 
gears of said gear tïain being in constant mesh 
with each other and said pinion and internal 
gear, a friction disc clutch between said carrier 
and said infernal gear, a spring means for nor- 
mally urging said pinion linearly on said pinion 
and said carrier into locked engagement with 
said internal .gear through said friction clutch 
for adapting said gear drive unit to act as a direct 
non-reduction drive from the engine operated 
output shaft to said motor shaft for generating 
electrical energy in said motor, a clash clutch 
including a toothed ring rigidly secured fo said 
carrier and a complementary toothed ring car- 
ried in said housing for longitudinal movement 
against a spring actuated friction disc torque 
release device, said motor shaft, upon energiza- 
tion of said motor, being adapted fo linearly move 
said pinion in the opposite direction fo engage 
said clash clutch and establish a reduction gear 
d_rive from said motor shaft through said ear 
drive unit fo said output shaft for engine start- 
ing purposes. 
IAYMOND J. HAITZ. 
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